The leaves of Laurus nobilis were collected in the middle of four seasons (spring, summer, autumn, and winter) to determine the best harvesting time for obtaining the highest oil yield, 1,8-cineole and polyphenol content and antioxidant activity. After drying the plant materials in shade, their EOs (essential oils) were obtained by hydro-distillation method. Analysis of variance showed harvesting time had significant effect on the oil yields of L. nobilis. Seventy one components were identified in the oils of L. nobilis with 1, 8-cineole (5.7%--terpinyl acetate (3.2%-13.1%), sabinene (2.3%-12.0%), beta-elemene (0.2%-17.7%) and (E)-caryophyllene (0.2%-16.9%) as the main constituents in different seasons. The predominant phenolic constituents in L. nobilis were cinnamic acid, carvacrol, quercetin and coumarin, respectively. Gallic acid, catechin, caffeic acid, chloregenic acid, p-Comaric acid and rutin were not detected in any seasons. The best antioxidant activity was in spring (268.6 µg/mL) and the lowest one was in winter (702.1 µg/mL).
Introduction
 Laurus nobilis L. belongs to the family Lauraceae, which comprises numerous aromatic and medicinal plants [1] . Laurus nobilis L. native to Mediterranean regions is also known as sweet bay, bay laurel, Grecian laurel, true bay, and bay. Laurus nobilis L. is an evergreen shrub indigenous to the south parts of Europe and the Mediterranean area. It is cultivated in the north of Iran [2] . In Iranian folk medicine, the leaves of this plant have been used to treat epilepsy [2, 3] , neuralgia and parkinsonism [3] . The essential oil obtained from its leaves has been used for relieving hemorrhoid and rheumatic pains [2] . It also has diuretic [2, 3] , antifungal [4] and antibacterial [5] activities. Leaves of this plant produce a yellow oil known for many therapeutic indications. Leaves and their essential oil increase gastric fluid secretion and work against digestive disorders such as flatulent colic [6] . Anticonvulsive and antiepileptic activities [7] of the leaf extract have been confirmed. Recently Simic et al. [8] tested the antioxidative activity of methanolic extracts of leaves, bark and fruits. The most significant activity was obtained with the bark extract. The volatile compounds of wood and bark of this species have been studied [9] . Monoterpenes (in particular 1, 8-cineole and eugenol) were identified as the main class constituent in the bark oil, whereas sesquiterpenes (dehydrocostunolide) were the most important constituents of the wood extract. Fang et al. [10] reported their results concerning the isolation of six sesquiterpene lactones from the methanol extract of dried leaves of L. nobilis, responsible for inducing apoptosis. The leaf essential oil of the species under investigation showed also a very strong antibacterial activity against foodborne pathogens [11] . Moreover, pharmacological activity, which includes antifungal, anti-diabetic, and anti-inflammatory activities [10] , has been also demonstrated. The chemical composition of the leaf essential oil obtained from different methods of isolation, were extensively studied by many researchers [12] [13] [14] [15] [16] . Generally, the yield and composition of the oil varies, depending upon the origin, the collection period, and the growth stage of the plant [17] . The study of the seasonal and geographical variation in yield and composition of leaf essential oil of L. nobilis collected from various areas in Tunisia showed that a seasonal variation both in yield and composition revealed, whereas geographical variability did not pronounce, and no chemotypes observed [18] . Seasonal variation in oil composition of L. nobilis grown in Portugal showed that during the period of highest essential oil yield (end of August), lower percentages of hydrocarbons and higher percentages of oxygenated compounds found [19] . Phenolic compounds in plants provide an array of natural sources of antioxidants for use in foods and nutraceuticals. Since natural sources contain a variety of phenolic compounds with varying antioxidant activity and exert their effects via different mechanisms, their efficacy in bulk oils, emulsions and composite foods might be greater than that of individual compounds. Furthermore, in addition to their safety advantages, food phenolics may augment body's source of natural antioxidants [20] . Phenols are able to donate H-atoms of phenol hydroxyl groups in reaction with peroxyl radicals that can produce stabilized phenoxyl radicals, thus terminating lipid peroxidation chain reactions. The antioxidant activity of phenols depends on the electronic and steric effects of the ring, substituents, and the strength of hydrogen-bonding interactions between the phenol and the solvent [21] [22] [23] . A few papers have dealt with the antioxidant activity and phenolic constituents of laurel leaves [24] [25] [26] [27] . As a sample the antioxidant activity of the oil of L. nobilis collected in Tunisia found more effective than the synthetic antioxidant (BHT) at 200 ppm and could be attributed to the active compounds eugenol, elemicin and methyl eugenol present in this essential oil [28] . But there is no previous study on the seasonal changes of polyphenol content and antioxidant activity in this plant. The objective of this study was to investigate the seasonal changes in the chemical composition of oil, polyphenol content and antioxidant activity in extract of L. nobilis. 
Materials and Methods

Collection of Plants and Identification
Preparation of EO and Crude Extract
The plants were shaded at room temperature (20-25 °C) . The EOs of all dried samples (100 g) were isolated by hydrodistillation for 3 h, using a Clevenger-type apparatus according to the method recommended in British Pharmacopoeia [29] . This work was repeated three times. An average of the oils yield was calculated. The distillated oils were dried over anhydrous sodium sulfate and stored in tightly closed dark vials until analysis. For extract preparation, the dried plants materials were ground into powder by using a hand mill. The powdered plants (30 g) extracted using 100 mL of methanol by maceration method [29] .
The crude extracts were concentrated in vacuo at 40 °C using a rota vapor.
Oil Analysis Procedure
GC analysis was performed using an Agilent gas chromatograph series 7890-A with an FID (flame ionization detector). The analysis was carried out on fused silica capillary HP-5 column (30 m × 0.32 mm i.d.; film thickness 0.25 µm). The injector and detector temperatures were kept at 250 °C and 280 °C, respectively. Nitrogen was used as carrier gas at a flow rate of 1mL/min; oven temperature program was 60-210 °C at the rate of 4 °C/min and then programmed to 240 °C at the rate of 20 °C/min and finally held isothermally for 8.5 min; split ratio was 1:50. GC-MS analysis was carried out by use of Agilent gas chromatograph equipped with fused silica capillary HP-5MS column (30 m × 0.25 mm i.d.; film thickness 0.25 µm) coupled with an Agilent mass spectrometer series 5975-C. Helium was used as carrier gas with ionization voltage of 70 eV. Ion source and interface temperatures were 230 °C and 280 °C, respectively. Mass range was from 45 to 550 amu. Oven temperature program was the same given above for the GC.
Identification of Compounds
The constituents of the EOs were identified by calculation of their retention indices under temperature-programmed conditions for n-alkanes (C8-C25) and the oil on a HP-5 column under the same chromatographic conditions. Identification of individual compounds was made by comparison of their mass spectra with those of the internal reference mass spectra library or with authentic compounds and confirmed by comparison of their retention indices with authentic compounds or with those of reported in the literature [30] . For quantification purpose, relative area percentages obtained by FID were used without the use of correction factors.
Extraction of Polyphenol and HPLC Analysis
The procedure for extraction of polyphenols was carried out according to the modified method established by Justesen [31] . Reference standard of 10 polyphenols (gallic acid, catechin, chlorogenic acid, caffeic acid, quercetin, cinnamic acid, coumarin, p-comaric acid, rutin and carvacrol) were purchased from Merck (Darmstadt, Germany). HPLC analysis was carried out on an Agilent 1200 series, equipped with a Zorbax Eclipse XDB-C18 column (4.6 × 5 µm i.d.; × 150 mm film thickness, RP), and a PDA (photodiode array detector). Elution was monitored at 280 and 230 nm. The column temperature was 30 ºC. The injection volume was selected 20µL and it was done automatically using autosampler. The total running time was 30 min. Gradient elution was applied to achieve maximum separation and sensitivity. 
Determination of Antioxidant Activity by the DPPH Radical Scavenging Method
The antioxidant activity of plants extract and the standard antioxidant (gallic acid) were assessed on the basis of radical scavenging effect of the stable DPPH (1, 1-Diphenyl-2-picrylhydrazyl) free radical, according to a modified method [32] . The DPPH radical inhibition was measured at 515 nm by using a micro-plate reader model biotek ELx808. The IC 50 of each sample (concentration in μg/mL required to inhibit DPPH radical formation by 50%) was calculated by Matlab software (Table 1) .
Statistical Analysis
Statistical analyses were done using SAS software. Means were separated with a t-test for comparison of oil content (Table 1 ) and main classes (Table 2) of leaves from the L. nobilis among the seasons. A value of P < 0.01 was considered statistically significant.
Results
The oils isolated from the leaves of L. nobilis were achieved by hydrodistillation method. An analysis of variance indicated significant differences in oil content among the seasons (P < 0.01; Table 1 ) and between the main classes (P < 0.01; Table 2 ). The best harvesting time for high oil levels was winter (Fig. 1) 
For leaves of L. nobilis, the minimum percentage of -terpinyl acetate and sabinene occurred as same as cineole content in the spring (3.2% and 2.3%) and the maximum one achieved in the summer (13.1% and 12.0%). The other major oil components such as -elemene and (E)-caryophyllene differed with the change in seasons. The minimum amount of -elemene and (E)-caryophyllene was observed in the summer (0.2% and 0.2%) and the maximum one determined in the spring (17.7% and 16.9%). The predominant phenolic constituents in L. nobilis were cinnamic acid, carvacrol, quercetin and coumarin, respectively. Gallic acid, catechin, caffeic acid, chloregenic acid, p-Comaric acid and rutin were not detected in any seasons (Table 3) . Investigation of antioxidant activity showed the best activity in spring (268.6 µg/mL) and the worst one was observed in winter (702.1 µg/mL) for leaves extract of L. nobilis. Although, the maximum percentage of 1, 8-cineole and oil yield were recorded in winter, but the antioxidant activity followed the reverse trend. The antioxidant activity was varied in the different season (Table 1 ). Our study showed that there was a correlation between the antioxidant capacity and phenolic compounds cinnamic acid and carvacrol (Fig. 2) . With decreasing in cinnamic acid and carvacrol content from spring to summer, the antioxidant activity also decreased. From summer to autumn the amount of the two phenolic compounds and antioxidant capacity increased and then decreased both of them during the period autumn-winter. All considered EOs were characterized by a clear predominance of oxygenated compounds especially monoterpenes and sesquiterpenes, respectively. Also, the concentration of oxygenated monoterpenes was varied during the seasons ( Table 2 ). The trend of this class was because of cineole content. In general, winter was the season with higher in the EO and 1, 8-cineole. The 1, 8-cineole content was not significant in spring. The highest and lowest amount of monoterpene hydrocarbons (8.6%-32%) found in the spring and summer, oxygenated monoterpenes, occurred in the spring and winter (11.5%-68.5%), sesquiterpene hydrocarbons found in the summer and spring (0.8%-68.8%) and oxygenated sesquiterpenes followed the same trend sesquiterpene hydrocarbons in the summer and spring (1.6%-5.9%), respectively. In the spring, there are a maximum amount of sesquiterpene hydrocarbons because of the high level of -elemene (17.7%), (E)-caryophyllene (16.9%), (E)--bisabolene (13.1%), Germacrene D (4.8%) and -selinene (4.8%), respectively. The amount of these compounds was not remarkable in other seasons. Sabinene (12.0%), -pinene (5.2%), -pinene (4.2%) and limonene (2.9%) were responsible for the highest amount of monoterpene hydrocarbons in summer.
Discussion
Similar results are reported that a seasonal variation both in yield and composition of L. nobilis has been revealed [18] . By comparison with our research, all essential oils considered in a previous study have been characterized by a predominance of oxygenated compounds especially monoterpenes, phenylpropanoids and sesquiterpenes, respectively. The concentration of this class (specially oxygenated phenylpropanoids) has been decreased during the period October-July [18] . Another study has been showed that the essential oil recovery increased in early June, reached a maximum in late July, and constantly decreased thereafter [16] . Putievsky et al. detected that the content of essential oil in fresh leaves from cultivated trees of L. nobilis reached the highest level in autumn, while the lowest one was observed in late spring [15] . It is difficult to see the accordance of the results in literature on antioxidant activity because of the usage of the different testing methods. The lower free radical scavenging activity values was obtained from L. nobilis (1.901, IC 50 , [mg/mL]), in Konya [33] . The antioxidant activity of the L. nobilis floral buds oil collected in Tunisia was more effective than the synthetic antioxidant BHT (butylated hydroxytoluene), at 200 ppm [28] . The antioxidant capacity was determined by a common used and highly accepted method. However, it was clearly noted that, there are a lot of variables affect on antioxidant activity in the literature [18] . Therefore, the numerous of antioxidant activity methods makes it necessary to use more than one method in such studies.
Conclusions
In conclusion, a seasonal variation in yield and composition of Laurus nobili oil has been observed. The seasonal variation of 1, 8-cineole in the oil of L. nobilis was remarkable. A terpenoid oxide, 1, 8-cineole is present in many plant essential oils and displays an inhibitory effect on some types of experimental inflammation in rats, such as paw edema induced by carrageenan and cotton pellet-induced granuloma. The 1, 8-cineole also has antimicrobial, antiinflammatory and antinociceptive effects [34] . Further research is needed on the determination of the correlation between the antioxidant capacity and the chemical composition of the plants oil. But, the presence of phenolic compounds in the plant extracts contributes significantly to their antioxidant potential. Antioxidant properties of these compounds are directly related to their structure. Indeed, phenolics are composed of one (or more) aromatic rings with one or more hydroxyl groups which are able to quench free radicals by forming resonance-stabilized phenoxyl radicals [35, 36] .
In this study, it was concluded that the methanol extract of L. nobilis in spring could be have the best antioxidant activity because of the high amount of phenolic compounds. Further investigation of total phenol and flavonoid contents and in vivo antioxidant activities is needed.
